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Dichlorocyclobutenone acetals, available via the cyclo-
addition of dichloroketene and alkynes followed by acetalization,
undergo selective Sy2’ attack by various nucleophiles to give a
variety of functionalized cyclobutene derivatives in high yields.

Cyclobutene derivatives display various useful reactivities in
organic synthesis.! In this regard, squarate esters 1 have been
extensively used, due to the ability to assemble one or two
nucleophilic components followed by reorganization.! However,
less known is the fact that squarates often cause severe contact
dermatitis,? as experienced in our laboratories.
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We became interested in dichlorocyclobutenone 2 as an
alternative starting point, which is readily available by [2 4 2]
cycloaddition of alkynes and dichloroketene.> Although the
oxidation level of 2 is lower than 1, our hope was that two
chlorides in 2 could be used for assemblage of molecules via
nucleophilic displacement, while they are usually just reductively
removed en route to cyclobutene 3.* Experiments along these
lines revealed a clean and reliable Sy2’ reactivity inherent to
protected dichlorocyclobutenones I, reacting with various
nucleophiles uniformly in a site-selective manner,>® to give
functonalized cyclobutene derivatives II (eq 1).
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Three known dichlorocyclobutenones 2a—c’ were converted
to the corresponding ethylene acetals 4a—c (ethylene glycol, cat.
TsOH, benzene, Dean—Stark apparatus).

cl clo
0 ™\
C.jj HO  OH, cat. TSOH ij:} 2

benzene, reflux

R R
2a; R=Ph 4a; R = Ph: 86%
2b; R = n-Bu 4b; R = n-Bu: 89%

2¢; R=TMS 4¢; R = TMS: 63%

Acetals 4a—c undergo clean reaction with a variety of
nucleophiles. The reaction of 4a with sodium p-methoxy-
phenylmethoxide is representative: To a solution of p-
CH;0C¢H4CH,O"Na* (1.5 equiv NaH, 2.0 equiv p-CH;0-
CgH4CH,0OH) in DMF was added cyclobutene 4ain DMF at 0 °C,

and stirred for 1h. After quenching with water, purification by
silica-gel flash column chromatography gave the Sy2’ product
5a® in quantitative yield (eq 3). None of the Sx2 product, if any,
was detected. The corresponding reaction of 4b also gave the
Sn2’ product 5b in high yield.
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4a; R=Ph 5a; R = Ph: quant.
4b; R = n-Bu 5b; R = n-Bu: 83%
4c; R=TMS 5d; R = H: 67%,

(5¢; R = TMS: 0%)

Interestingly, although the substitution cleanly occurred also
for the silyl congener 4c, the product Sd was without the silyl
group (eq 3). Since tlc assay showed that 5d was already present in
the reaction mixture prior to workup, the formation of 5d could be
rationalized by the protonation by p-CH;OC¢H4CH,OH of the
initially formed Sn2’ product Se, via the corresponding silicate

III (Scheme 1).°
cl 0/§
o)

H OR - i
5d RO Me;Si 56 OR
R
Me,SiOR
cl 0/§
ROH 0

VesS” OR R o Yy
OR " -~
Scheme 1.

Products Sa and Sb (eq 3) are particularly attractive, in that
they are convertible to 8a and 8b, which could be viewed as
mono-protected cyclobutenedione derivatives with high syn-
thetic versatility (eq 4). Deprotection of the MPM ether (DDQ,
wet CH,Cl,) in Sa and Sb followed by Swern oxidation gave
mono-acetals 8a and 8b in high yields, respectively.
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5a; R=Ph 7a; R = Ph: 92% 8a; R = Ph: 86%
5b; R = n-Bu 7b; R = n-Bu: 89% 8b; R = n-Bu: 91%
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Other substrate/nucleophile combinations were tested under
similar conditions. Three hetero-nucleophiles (CH;OCgH,O~,
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N3, CsHsS™) were reacted with dichlorocyclobutenes 4a—c, and
the results are summarized in Table 1. In general, the reactions
proceeded cleanly to give the corresponding Sn2’ products in
excellent yields. Two exceptions were observed for substrate 4b
(R =n-Bu), which failed to react with phenoxide or NaN3 at all.
Repeated attempts under various conditions resulted only in the
recovery of 4b, although the reasons remain unclear.

Table 1. Reaction of 4a—c with hetero-nucleophiles

N Cl O/(} N cl j[oi/g
jj DMF

R R Nu
4a—-c 9-11
Nucleophile Yield/%
R= Ph n-Bu ™S
NaO—@—OMe 9a: 97%¢  9b: 0% 9¢: 86>¢
NaN, 10a:88°  10b: 0%  10c: 88¢
NaSPh 11a: 99%°  11b: 95°°  11c: 96*°

20 °C. %0 °C — room temperature. “Room temperature.
9Room temperature — 40 °C. ®Performed in THF.
No reaction.

The SN2’ reactivity of 4a—c was also observed with carbon
nucleophiles (Table 2). When 4a was treated with n-BuLi (1.2
equiv.) in THF at —78 °C, the SN2’ reaction occurred to give 12a
in quantitative yield. In a similar manner, treatment of 4¢ with n-
BuLi also gave 12¢ in 96% yield. However, in the case of the
substrate 4b (R = Bu), yield of the desired SN2’ product 12b was
low, giving an intractable mixture of products, presumably due to
the acidity of the allylic proton, where n-BuLi acted as a base to
induce side reactions.

Other carbon nucleophiles, i.e., vinyl-, and aryllithiums
reacted cleanly with acetals 4a—c (Table 2). In these cases, 4b also
behaved as a good substrate for the Sxy2’ reaction to give the
corresponding substitution products 13b and 15b in high yields,
respectively. Again with no obvious reason, peculiar lack of
reactivity was seen for the reaction of alkynyllithium. Although

Table 2. Reaction of 4a—c with carbon nucleophiles
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THF
R R Nu
4a—c 12-15
) Yield/%
Nucleophile
R= Ph n-Bu ™S
n-BulLi 12a: quant®  12b: 15° 12¢: 96°
Me
>= 13a: 9129 13b:88%°  13¢: 85%¢
Li
Li—=——Me 14a: 91° 14b: 0°¢ 14¢: 0%€

15a: 932 15b: 832 15¢: 94°

Li—@—OMe

4_78 °C. °-78 — 0 °C. °~78 °C — room temperature.
dPerformed in Et,0. No reaction.
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propynyllithium reacted cleanly with 4a, in the case of the
substrates 4b (R = Bu) and 4¢ (R = TMS), the expected products
were not obtained at all. Examination under various conditions
were unfruitful.

In summary, we have described a new route to highly
functionalized cyclobutenes by the selective Sy2’ reaction of the
dichlorocyclobutene acetals. Further studies are currently under-
way in our laboratories.
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